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THRUST AND DRAG CHARACTERISTICS OF SIMULATED VARIABLE-
SHROUD NOZZIES WITH HOT AND COLD FPRIMARY FLOWS
AT SUBSONIC AND SUPERSONIC SPEEDS

By Andrew Beke and Paul C. Simon

SUMMARY

An experimental investigation of a series of fixed-geometry exhaust
nozzles which simulated a varisble exlt was conducted in the Lewis 8- by
6-foot supersonic wind tunnel at Mach numbers of 0, 0.6, 1.5, 1.7, end
2.0. The studies included long- and short-shroud configurations.

Gross thrust performasnce of the long-shroud exit configurations was
considerably better than the performance of the short-shroud configura-
tions. Thrusts of the long-shroud nozzle, or ejector, characteristicelly
Increased with secondary weight flow, whereas the thrusts of the short-
shroud nozzle remained constant and about equal In value to that of an
ideal sonic nozzle. Effect of free-streem Mach number on the thrusts
appeared to be negligible.

Thrust performence analysis for flight Mach numbers from 0.6 to 2.0
at 35,000-feet altitude indicated that the long-shroud configuretion had
a 4 to 8 percent higher net thrust than the short-shroud configuretion.
Thrust ratios for the long-shroud configurations were slightly better
than the thrust ratio for a variable ldeal convergent-divergent nozzle
below a Mach number of 1.3; above this speed, the thrust ratios of the
long-shroud nozzle were below that for the ideal nozzle and remasined
feirly constant at a value of about 1.07.

The external pressure drag of The simmlated varisble shrouds asmounted
to a thrust force of about 2 percent of an idesl convergent-nozzle net
thrust at the subsonic speed and diminished to epproximately zero at a
Msch number of 2.0.

INTRODUCTION

The use of ejectors for thrust augmentation has been established in
several qulescent-air studies and in limited f£flight tests (refs. 1 to 3).
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Knowledge, however, 1s needed of the comparative performance of long-

and short-shroud nozzles and of the characteristic operation of a vari- ,
able exit over gilven flight conditions. As part of a generasl program

on jet-engine-exit configurations belng conducted in the Lewis 8- by 6-
foot supersonic wind tunnel, a series of fixed-gecmetry exit configura-
tions heving long and short shrouds end similating a variable iris-type
nozzle were tested on s typical supersonic airplane model In order to
determine the effects of shroud length on thrust performance. Since
previous experimental studies have been restricted to quiescent-air

tests and since data on the drag pensliy associated with shroud exten-
sions are limited, one of the main purposes of this investigation is to
establish the effects of free-gtream Mech number on jet thrust and shroud
drags.
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Pumping characteristics of these configurations have been reported
in references 4 and 5, and this report presents the gross and net thrust
performance and the attendant shroud drages. The experiments were con-
ducted over s wilde range of primsry-nozzle pressure ratlo and over sec-
ondary weight-flow ratios ranging up to 10 percent of the primsry-nozzle
air flow at free-stream Mach numbers of O, 0.6, 1.5, 1.7, and 2.0.

SYMBOLIS
The following symbols are used in this report:
A area, sq £t
Amax fuselage meximum cross-sectionel area, 0.336 sq £t

AB/Ab shroud-sres ratio (ratio of cross-sectionsl areas &t ends of
shroud and boattail, respectively}

Cp shroud externsl pressure drag coefficient, Dfg A ..
Ce primary-nozzle mass-flow coefficient, Wb/Wb,i
P - Po
CP pressure coefficient,
b drag, 1b : -
4y diameter at end of boattail, 4.70 in.
F thrust, 1b

f/a fuel-air ratio

g acceleration due to gravity, 32.2 f't/sec2
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M Mach number

total pressure, lb/sq £t

D static pressure, 1lb/sq ft
q dynamic pressure, %-pMZ, lb/sq £t
a’\
T Total temperature, °R
v velocity, ft/sec
W weight flow, lb/sec
X longitudinel distance from end of boattail, in. (positive down-
stream and negative upstream)
p.N rate of change of shroud drag coefficlent with nozzle pressure
ratio d(CD)
2
a(Py/py)
® gsecondary welght flow Eé
primary weight flow ’ wp
- gsecondary total temperature Eg
primary total temperature ’ Ty
@ shroud externsl half-engle, deg
Y ratio of specific heats
Subscripts:
b boattail
c convergent
c-d convergent-divergent
ej ejector
G gross
i ideal
n net
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gol primary
8 secondary
0 free~stream conditions

APPARATUS AND PROCEDURE

The spparatus used in this jet-exit investigation is represented
schematically in figure 1. Air from en externsl high-pressure -supply
line was throttled by means of the control valve to any desired opera-
ting pressure and preheated to about 600° to 800° R to prevent conden-
sation effects in the nozzle. The air was measured with a standard
A.5.M.E. sharp~edged orifice mounted ahead of the control valve and
entered the model reservoir chamber through two hollow support struts
which simulated the airplane wing. The preheater fuel flow was measured
with a rotameter.

A sketch of the model afterbody with the location of primsry and
secondary air inlets, the reservoir chamxbers, and afterbody cross-
sectional characteristics is shown in figure 2. The temperature of the
reservoir chember air was measured as 1t entered the model and was
approximately equal to the preheated value. For hot flow, the temper-
ature of the primary alr was varied from 1200° to approximately 3000° R
by means of heat addition from a ram-Jjet combustor within the model.
Secondary air flow was controlled by means of the perforated annulus
ring-type valve, which permitted various amounts of air to be bled from
the main reservoir chamber to the secondary passage between the primary
conbustion chember and the model skin. The secondary air temperature
wes equal to the preheated air temperature (600° to 800° R).

Detalls of the exlt configuratione showing pertinent physical di-
mensions and internal and external pressure instrumentation are shown
in figures 3 end 4. The configurations in figures 3(a) and 4(a) are
slzed for the nonafterburning condition of a turbojet engine, while the
remaining figures are for other simwlated positions of a varlable iris-
type nozzle with tall-plpe conditions as indicated in table I. The
reexpanding nozzle designed for an expansion ratio of 2.87 (figs. 3(c)
and 4(c)) is an alternate design for the convergent primsry nozzle of
figures 3(d) and 4(d). All the configurations had smooth internal and
external surfaces and were designed to simulate glven exit-area require-
ments rather than to duplicste the actual sliding-leaf or iris-type
nozzle surfaces.

The notation appearing below each configuration classifies the type
of nozzle by defining the dismeter ratio and spacing ratlo, respectlvely,
and is based on the exit diameter of the primary nozzle. ZEach primary
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nozzle was Investigated with a long and short shroud, as seen in figures
3(a) to (d) and 4(a) to (d), respectively. Also, in a few cases, alter-
nete nozzles were used with spproximstely the same shrouds (figs. 3(c)
and (d) and 4(c) and (d)).

Performence of the nozzle configurations was determined for a range
of primary pressure ratio from 2 to about 12 for free-gtream Msch numbers
from zero to 2.0 at zero angle of attack. The secondary weight-flow
ratios ranged from zero to approximately 10 percent of the primasry-nozzle
eir flow, for the entire range of primsry-nozzle temperature and preesure
retio. The flow coefficients of the primary nozzles were obtained from
both static calibrations with the shroud removed and messurements during
testing with shrouds in place. Nozzle pump charscteristics are re-
ported in references 4 and 5 (configuration B).

In order to celculate the gross thrust from pressure instrumentation
for primsry flow temperatures of 600° to 800° R, the pumping charscteris-
tics of the configurations reported in references 4 and 5 have been used
with the method of reference 6. For the long shroud (or ejector) the
method essentially consists of determining the gross thrust at the shroud
exlt by calculating the primary and secondary gross thrust at the
primary-nozzle exlt plane from one-dimensional equations and introducing
the momentum decrement due to internal pressures on the shroud wall.
Frictionless flow along the shroud wall and a ratic of specific heats of
l.4 were sssumed in these calculations, The momentum decrement due to
the effect of shroud convergence was obtained by Integration of the Iin-
ternal pressures on the shroud wall. The gross thrusts of the shork-
shroud configurations were computed in a similar memner; that is, the
gross thrusts of the primary exit and the secondary exit were obtained
end, in effect, these thrusts constitute the Jjet thrust inasmuch as
there are no shroud well forces. The calculated gross thrust conforms
to the conventional Jet-thrust definition and is the difference between
the total momentum of the Jjet stream and the force exerted by the am~
bient pressure on the stream cross-sectional area. In .ordex to establish
the thrust for higher primery air-flow temperatures (1200° to 3000° R),
an iteration process was used in conjunction with the nozzle mass~-flow
calibrations for nozzle temperstures of 600° to 800° R to determine the
ratio of specific heats.

Since the gross-thrust ratio is not indicative of the installed
propulsive performence of these nozzles, the net thrust was oblalned by
subtracting the ram drag of the primary and secondary ailr flow from the
gross thrust. The following equation was used in these calculations:

W
(L), - Ty 2 .
b e -5 Yo T /)
S
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W
where (Fi,c)g = ;f vy + (py - PO)ApCf‘ It was assumed that the gross

thrust ratios and the temperature-corrected weight-flow ratios were in-
dependent of the primary-nozzle tempersture. The primary-nozzle temper-
ature was scheduled according to table I, and the secondary-nozzle total
temperature was assumed to be the stagnetion tempersture of the free
stream for standard NACA conditions at an altitude of 35,000 feet.

The shroud external-pressure-drag coefficients were obtained fram
integration of the external pressure digtributions on the shrouds. The
annular opening which exlsted between the shroud and fuselage boattaill
was seeled during operation of the ejector configurations. The charac-
ter or effects of the small amount of air flow issuilng from the opening
could not be ascertained during short-shroud nozzle operation.

RESULTS AND DISCUSSION

Experimentel data for the mass-flow coefficients, the gross-thrust
characteristics, and the extermal-shroud pressure drags of all the con-
figurations for a range of primary-nozzle pressure ratio, for free-stream
Mach numbers of zerc to 2.0, and at zero angle of attack are presented in
figures 5 to 8 and 14 and 15.

Flow Coefficients

Primary-nozzle mass-flow coefflclents are shown for secondary weight
flows of 1 and 10 percent in figure 5. In general, the values of the
coefficients were nearly 1.00 for the entire range of primery pressure
ratlo. TFor the ejector configurations, increased secondary flow &appears
to decrease the primery flow coefficients slightly (figs. 5(a), (b), and
(d)). This effect was &lso observed in reference 7, which indicates de-
creases of flow coefficlent up to 15 percent for lncreases in secondary
welght-flow ratlios of approximately 40 percent. No appreclable effect of
free-gtream Mach number on the flow coefficlents is indicated for the
entire range of nozzle pressure ratio.

Thrust Characteristics

BJjector thrust ratios (ratio of nozzle thrust to the thrust of an
ideal sonic nozzle discharging the actusl nozzle mass flow) cheracter-
istically incressged with increased secondary welght-flow ratio and
primary-nozzle pressure ratio (fig. 6). Gross thrusts of from 5 to 15
percent greater than ideal sonic nozzle thrusts were cbtained with 10-
percent secondary welght flow for the range of pressure ratio investi-
gated. No Mach number effects on thrust performsnce are apparent from
the data.

3434
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For the short-shroud configuretions, incresses of secondary weight
flow did not produce pronounced increases in thrust (fig. 7). The
thrust values did not exceed the ideal convergent-nozzle thrust by more
than Z percent for weight-flow ratios up to 3 percent; at the maximum
welght flows, the thrust ratios were not grester than 1.03. Also, as
found for the ejectors or long shrouds, free-stresm Mach number had no
effect upon the thrusts of the short-shroud configurations.

A% any arbitrary pressure ratio it can be seen that the rate of
change of thrust with secondary weight flow is greater for the long
shrouds than for the short shrouds and that the performance is hetter
for all configurations with long shrouds. It should be pointed out that
the full-scale performance of these nozzles may be somewhat lower than
indicated, because the configurations used in these tests duplicate only
nozzle-area size and in no way reflect the penalty which may result from
internael flow losses due to leaf actuetors and irregulasr flow surfaces
of full-scale exits. For the range of temperature Iinvestigated, the use
of corrected secondery weilght-flow ratio appeared to correlaste the thrust
data fairly well.

Figure 8 is presented for convenience in converting the thrust
ratios presented in figure 6 to thrust based on an ideal reexpending
nozzle. The curves were camputed for specific-heat ratios of 1.3 and
1.4, and are for flow coefficients of 1.0.

Flight Performance Anelysis of Data

In orxder to evaluate the flight performasnce of the experlmental
thrust data presented in figures 6 and 7, assumed turbojet-engine oper-
ating nozzle pressure ratios for a range of flight Mech number, an alti-
tude of 35,000 feet, and for conditlons witkh and without afterburning are
presenteds in figure 9.

Gross-thrust ratios for the nozzles are plotted &t the assumed en-
gine operating conditions in figures 10 and 11. Net thrusts were deter-
mined from equation (l) for the assumed flight conditions. Afterburning
performance at a free-stream Mach number of 0.6 was obtained by inter-
poleting the ejector datae at the attendant spacing ratio for the engine
metch-point exlt area. This flight condition was selected to illustrate
the performance of the nozzle sizes tested rather than to sabtisfy typical
aircraft operational characteristics. In nearly all cases the long-
shroud, or ejector, net-thrust ratios incressed with secondary weight
flow and indicated better performance than the ghort-shroud configura-
tions. Larger grose and net thrusts were obtained with afterburning at
a free-stream Mach number of 0.6 (fig. 11(b)) because of the decreased
spacing ratio associated with the change in operation from nonafterburn-
ing to afterburning nozzle positions. Temperature effects on gross-thrust
ratios, reported in references 3 and 8, showed increased thrust values
with increased tail-pipe temperature. Inasmuch as the gross-thrust data
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of figure 6 do not reflect this same trend (the ratios are approximately

the same for the entire temperature range), the results presented herein -
are somewhat conservative estimates of the large-scale high-temperature
rerformance of these exit configurations.

Since the thrust is affected by secondary weight flow, two schedules
of the varistion of secondary weight flow with Mach number were deter-
mined by matching fixed-geametry inlet characteristics with the pumping
characteristics of these nozzles (refs. 4 and 5). These data are pre-
sented 1n figure 12. A low-recovery inlet (boundary-layer scoop) sized
at a free-stream Mach number of 2.0 was used to obtain schedule 1 end a
high-recovery inlet sized subsonically was used for schedule 2. Iow-
recovery inlet date were reported in reference 9 and in unpublished data
from the Lewls 8- by 6-foot supersonic tunnel, and data for the high-
performance inlet were found in references 10 and 11. Schedule 1 was
selected as a means of comparing the long- and short-shroud net thrusts,
while schedule 2 1s presented as s more practical cooling air-flow sup-
ply. The decreasing weight flow in the subsonic region for schedule 1
was due to inlet pressure-recovery limitations.
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Results of using the net thrusts of figures 10 and 11, the weight- .
flow schedules, and the flight plan are shown in figure 13. Performance
of the ejector wilth schedule 1 was better than that of the short-shroud
nozzle by at least 4 percent at subsonic speeds and by sbout 8 percent -
at supersonic speeds. The thrust retios for schedule 1 are somewhat low
because the gross thrust of the secondary sir flow was charged with the
ram drag of free-stream alr instead of the ram drag of the fuselage
boundary-leyer sir.

For & range of presumsbly practical secondary weight flow (schedule
2), the thrust ratlos for the long-shroud nozzle were 3 to 7 percent
greater than the idesl sonic thrust value. Therefore, the long-shroud
nozzle performance wes better than that of the short-shroud exits for
the range of flight conditions and secondary air flows considered. The
varisble-exit ejector displayed slightly better performance than a var-
iable idesl convergent-divergent nozzle up to a free-stream Mach number
of 1.3. Between free-stream Mach nunbers of 1.3 and 2.0, the idesl noz-
zle thrust ratio increassed up to 1.145, while the variable-exit ejector
remained nearly constant at & value of about 1.07 (fig. 13).

Shroud Drag

Instrumentation for external afterbody pressure was limited to the
nozzle shroud during this investigation and thus represents only & por-
tion of the afterbody drag that may be affected by nozzle pressure ratilo.
The shroud external-pressure-drag coeffilcients CD are presented in
figures 14 and 15 for a range of primary pressure ratio Pp/po and

secondary weight-flow ratio w+¢/T. The slopes A of lines of constant .
w1/F are indicated on each graph and represent the rate of change of
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change of shroud drag coefficient with primsry-nozzle pressure ratio.
The effect of increasing primsry-nozzle pressure ratio on drag coeffi-
cient was to decrease the shroud pressure drag; the rate of change A
was more pronounced for the smaller area ratios As/Ab‘ The drsasf co-
efficients varied from g meximm negative value of -0.030 at Mach number
0.6 to & maximum positive value of 0.022 at Mach nmuber 2.0. These drag
values can represent as much as 6 percent of a typlcal airplane drag.
Reductions in shroud-area ratio produced decreases in shroud pressure
drag at the subsonlc speed end Increases in dreg at supersonic speeds.
For configurations designed to meet the scheduled flight and engine con-
ditions described in figure 9, the shroud pressure drag coefficients
varied from a minimum of -0.025 st Mach number 0.6 {configuration 1.16-
0.494, fig. 14(a)) to zero at Mach number 2.0 (configuration 1.12-0.123,
fig. lé(c%). This thrust force at Mach number 0.6 amounts to 2 percent
of ideal convergent-nozzle net thrust {(without afterburning).

The pressure drags of the long shrouds are consistently lower than
the drags of the corresponding short shrouds (same nozzle) at Mach number
0.6; this drag trend is associated with the fact that the long shrouds
have characterlistically greater projected areas. The long- and short-
shroud nozzles have approximstely equal drags at the supersonic speeds,
since lengthening of the shroud adds wvery little projected area when
the shroud is in the open positilon.

The influence of secondery weight-flow ratio on shroud drag appears
to be negligible for the range tested (figs. 14 and 15), except for the
configurations with small shroud-area ratios where there is a tendency
for the drag to decrease slightly with increasing secondary welght flow.

The effect of increased jet-exit gag temperature on shroud pressure
drag appears to be negligible.

Shroud external-pressure-coefficient dlstributions CP are pre-

sented in figure 16 at free-stream Mach numbers of 0.6 and 2.0 for con-
figurations 1.12-0.123 and 1.16-0.494. These configurations represent
two extremes in shroud-area ratio (0.93 end 0.40) and shroud half-angle
(1.5° and 15°). At both Mach numbers, a pressure drop occurred when the
shroud angle was increased from 1.5° to 15°. At Mach nmumber 2.0 the de-
crease in pressure level, as well as the increase in shroud projected
area, caused an Increase in drag coefficient as indicated on the figure;
at the subsonic Mach number, the slight decrease in positive pressure
coefficient as the shroud angle was increased was more than compensated
for by the increase In projected ares, resulting in a large decrease in
drag.

The steeper boattail angle on the lower portion of the fuselage

(fig. 2) resulted in consistently higher pressures on the bottom of the
shroud, as can be seen in figure 17, where the pressure distribution on
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the aft portion of the boattaill is presented for the model without a

shroud or nozzle and with the base covered. The pressure distributions -
on the shrouds of all the configurations tested did not indicate the

presence of flow separation.

The pressure drag of the external surfaces of the fuselage boattaill
and nozzle shroud are uniquely influenced by the airplane forebody and
wing-tall configuratlion as well as by the exiting jet flow (refs. 12 and
13). Also, at subsonic speeds » changes in shroud geometry affect & large
upstreasm portion of the boattail (ref. 14). Therefore, the variations
in shroud drag presented herein do nol necessarily reflect the changes
in totel afterbody drag; the total afterbody-drag variations mey con-
ceivably differ in trend end magnitude from the shroud drage presented.

5434

SUMMARY OF RESULTIS

An experimental investligation of long- and short-shroud exhaust-
nozzle configurations was conducted in the Lewis 8- by 6-foot supersonic
wind tunnel at free-stream Mach numbers of C, 0.6, 1.5, 1.7, and 2.0 for
& range of primary-nozzle pressure ratio and secondery welght flow. The
following results were cobtalned:

1. Long shrouds, or ejectors, produced thrust ratios that were con- -
siderably higher than the thrust ratios of the short shrouds. Short-
shroud exit thrusts were approximately that of an ideal sonic nozzle,
while with 10 percent secondary weight flow the long-shroud nozzles, or
electors, showed 5 to 15 percent improvement in thrust over the ideal
sonic value.

2. The effect of free-stream Mach number on the thrust performance
of the long- and short-ghroud exits appeared to be negligible, and the
use of corrected secondary welght-flow ratio correlated the thrusts
fairly well.

3. Application of the experimental data to a turbojet engine indi-
cated that the net thrust performance of the ejector was 4 to 8 percent
better than that of the exit with a short shroud for free-stream Mach
nunbers of 0.6 to 2.0 at an altitude of 35,000 feet. The performance of
the ejector was slightly better than that of a varisble ideal reexpand-
ing nozzle up to a free-stresm Mach number of 1.3. Above this gpeed, the
performance of the reexpanding nozzle was superior.

4. The external pressures acting on the simvlated varisble-exit
shrouds produced s thrust force which amounted to about 2 percent
of idesl convergent-nozzle net thrust at the subsonic speed and
diminished to spproximately zero at Mach number 2.0.
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S. The drags of the long-shroud nozzles were consistently lower

- than the drags of the corresponding short-shroud nozzles at Mach number
0.6 and were approximetely equal at Mach numbers from 1.5 to 2.0.

Lewis Flight Propulsion Lgboratory

yere
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National Advisory Committee for Aeronautics
Cleveland, Ohio, November 12, 1954
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TABIE I.

[ Altitude, 35,000 ft; stendard NACA conditions ]

- ASSUMED EXIT CONDITIONS AND FLIGHT

SPEEDS FOR VARTIOUS CONFIGURATTONS

Configuration Primary Free-stream
total Mech
temperature, | number,
= *
1.16-0.494 81400 0.6
1.39-0.09 + .6
1.27-(-0.10) P3500 .6
1.14-0.214 1.5
1.18- E-o osg 2.0
1.13-(-0.19 2.0
1.12-0.123 2.0
1.16-0.133 2.0
1.18-(-0.14) 2.0

8o afterburning.
bAftg—:rburn:Lng .

13
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Figure 1. - 8chematic disgram of jJet-exit modsl inetalled in 8- by E-foot supersonic tumel.
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Station A-A 2tation B-B Station C-C
Combuetcr-noxzle
" housing C
cresn
\ Primary
L4 d Becondary
L— glr £flow I——-B
tod ats A Iy ¢ Nozzle-aasembly adapter ring

Prahsa. alr supp. o Circunferential perforated
primsmzry nozzle ring for controlling secondary

Main reservolr chamber alr flow
Secondary static orifice

Pigure 2. - Sketch of test model showing internsl components and afterbody configuration characteristica.
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Static-pressure
orifices

Viewed upstream

TBoattail o

‘— Bhroud o= 4.5
@ = 150; % ;’:

3.41

2.35

[ ]
i
~

¢ ———

(e) 1.16 - 0.484

o= 1-50:

0.25
- 0.75
1.75—
50—
D- 3851
(e} 1.12 - 0.123 {a) 1.16 - 0.133

Figure 3. - Exit configuretions with long shrouds showing preasure instrumemtation.

(A1l dimensions in inches.)
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- =4
[ ] 2'1”5 . 3.41
- S
j—o.zs
7-0.T5 0.25
[-4-L;: Lﬁ l;j_br—o.Ts
1.75=

(v) 1.18 - (-0.08)

(a) 1.39 - 0.09

<

_ 3.61
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Gross- and net-thrust ratios, Fej/Fi,c

T NACA RM E54726

1.10

1

/

___/"

- | e =]

L

1.00
(a) Configuration 1.16 - 0.494; free-stream Mach number, 0.6.

/
S

1.10

-

-
/—_/

P

1.00 . .
(b) Configuration 1.15 - 0.34 (afterburning); free-stream Mach

number, 0.6 (interpolated).

1.20
L~
Azf”/’/’
1.10 —
/ —— e
" /
1=
4/’4:::::—

1.00

(c) Configuration 1.14 - 0.214; free-stream Mach number, 1.5.

1.20 ///,/'
//,/”

1

1.10 —

’/,/”

|
\
\
|
|

1.000 .04 .08 .12 .16

Corrected weight-flow ratioc, w-/t
(d) Configuration 1.12 - 0.123; freewstream Mach number, 2.0.

Figure 1l1. - Exit thrust performance at assumed nozzle oper-
ating pressure ratios of hypothetical turbojet engine.
Long shrouds.



NACA RM E54J26 S 25

Net-thrust ratios, (FeJ/Fi,c)n

Corrected welght-flow ratio,
/T

and (Fp+s/ F:I. sC ) n

.12 Schedule

.08 I

.04
° 4 .8 1.2 1.6 2.0

Free-stream Mach number, M,

Flgure 12. - Assumed schedule of secondary weight-flow ratios.

1.20
(Fi,c-d/Fi,c)n//
1.10 |
/ Schedule
L —1= 2 (Long shroud)
e — 1 (Long shroud) ]
/—’7 .
- :
L
1.00
T N 1 (Short shroud)
.90
.4 .8 1.2 1.6 2.0

Free-stream Mach number, MO
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Shroud external pressure coefficlent, Cp
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